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Description J 

[0001] This invention relates to an apparatus and 
method for analysing charged particles. 
[0002] Measurement of electron yield is a known tech- 
nique which is used to study the response of material 
surfaces to interactions with beams of high energy pho- 
tons such as X-rays. Exposing a surface of a material 
to X-rays of varying energies, and measuring the 
number and energy of electrons emitted from the sur- 
face, makes it possible to analyse the chemical charac- 
teristics of the surface in detail. 
[0003] A known method of measuring electron yield 
involves placing a sample in a high vacuum environ- 
ment, exposing the sample to a beam of X-rays, and 
detecting a total electron yield current at a collection 
plate. The sample is held at a negative voltage relative 
to the collection plate to promote the drift of electrons 
from the sample to the collection plate. A variation of 
this method is to use a gas filled ion chamber, where the 
electron yield is measured indirectly as part of a total 
current from the sample. There is no overall gain em- 
ployed in either of these methods, and the currents 
measured should correspond exactly to the number of 
electrons which leave the sample. These currents are 
small and are consequently prone to distortion by 'pick- 
up' and 'leakage' in the local environment. A method of 
obtaining noise free or close to noise free gain of the 
current of electrons emitted from the sample surface 
would significantly enhance the sensitivity of the elec- 
tron yield measurement. 

[0004] One approach to providing an increased sen- 
sitivity of electron yield has been to hold the sample in 
a high vacuum environment, and use an electron multi- 
plier (such as a microchannel plate). However, useful 
samples are not ideal for high vacuum systems and a 
method of measurement which could operate at atmos- 
pheric pressure would be much more useful. The pos- 
sibility of obtaining chemical reactions on the surface of 
the sample must also be considered. To this end, an al- 
ternative approach to measuring electron yield has been 
devised, wherein a sample and detector are surrounded 
with a gas mixture. The gas mixture is chosen such that, 
under the appropriate conditions, an electron emitted 
from the sample surface will ionise gas molecules, 
thereby forming an electron cloud in the gas. The 
number of electrons in this cloud will be equal, within 
statistical limits, to the energy of the initial electron di- 
vided by the ionisation energy of the gas. 
[0005] The electron cloud is subsequently accelerat- 
ed along a radial field radiating from a wire anode. The 
electrons accelerate until they acquire sufficient energy 
to cause further ionisation of the gas molecules, thereby 
creating more electrons, which are accelerated and ion- 
ise further electrons, in what is known as an avalanche 
effect. The strength of the field at the wire is limited so 
that the number of electrons produced by the ionisation 
is proportional to the number of electrons in the cloud 



formed at the surface of the sample. 
[0006] Since only a single wire is used to detect elec- 
trons, the detection system is only capable of measuring 
the total number of electrons arriving at the wire in any 

5 given time interval, and does not provide any spatial in- 
formation. More specifically, the wire detection system 
does not allow a user to determine from what position 
on the surface of a sample electrons have been emitted. 
[0007] Apparatus having the features of the prechar- 

10 acterising portion of claim 1 is disclosed in US 
5,038,043. 

[0008] It is an object of the present invention to over- 
come or substantially mitigate the above disadvantag- 
es. 

15 [0009] According to the invention there is provided a 
charged particle analyser comprising a source of 
charged particles and a charged particle detector 
spaced from the source and immersed with the source 
in an ionisable gas, wherein the detector comprises at 

20 least one pair of electrodes which are spaced apart by 
a distance that is substantially less than the spacing be- 
tween the source and detector, and the electrodes of the 
pair are maintained at different potentials selected such 
that charged particles emitted by the source are attract- 

25 ed towards the detector and such that charged particles 
adjacent the detector are accelerated to energies suffi- 
cient to ionise the gas. 

[0010] If the charged particles are negatively charged, 
the source is held at a potential which is more negative 

30 than the potentials of both the electrodes of the pair. 
[001 1] Preferably, the source is a sample and means 
are provided for exposing the sample to a beam of ra- 
diation the energy of which is sufficient to cause charged 
particles to be emitted from the sample. The exposing 

35 means may comprise an X-ray source. The sample may 
define a surface which is substantially planar and the 
beam may be directed towards the sample in a direction 
inclined to a normal to the sample surface. The beam 
may be directed at a glancing angle relative to the sam- 

40 pie surface. 

[0012] Suitably, the energy beam is monoenergetic 
and the energy of the beam is varied with time to provide 
analysis over a range of energies. 
[0013] Suitably, the energy of the beam is non-uni- 

45 form such that the incident energy varies across an area 
of the sample irradiated by the beam, and the electrodes 
are positioned to receive charged particles from differ- 
ent portions of that area, the incident energy varying be- 
tween said portions. 

50 [0014] The electrodes are preferably defined by par- 
allel strips of conductive material mounted on a semi- 
conducting substrate. The electrodes of the pair may be 
located so as to be substantially equidistant from the 
source. 

55 [001 5] The invention also provides a method for ana- 
lysing charged particles emitted by a source, wherein 
the source and a charged particle detector are im- 
mersed in an ionisable gas, the detector being provided 
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with at least one pair of electrodes, characterised in that 
the electrodes of the pair are spaced apart by a distance 
substantially less than the distance between the source 
and the detector, different potentials are applied to the 
electrodes, and the source is maintained at a potential 
different from the potentials of the electrodes, the po- 
tentials being selected such that charged particles emit- 
ted by the source are attracted from the source towards 
each of the pair of electrodes and such that charged par- 
ticles adjacent the detector are accelerated to energies 
sufficient to ionise the gas. 

[0016] Specific embodiments of the present invention 
will now be described by way of example only with ref- 
erence to the accompanying drawings, in which: 

Figure 1 is a schematic perspective view of a 
charged particle analyser according to a first em- 
bodiment of the invention: 
Figure 2 is a schematic view of a detector incorpo- 
rated in the analyser of Figure 1 ; and 
Figure 3 is a schematic perspective view of a sec- 
ond embodiment of the invention. 

[0017] Referring to Figure 1 , a sample 1 is positioned 
on a planar base 2. A detector 3 is provided directly 
above the sample 1 and the base 2. The detector 3 is 
planar, and lies in a plane which is parallel to the plane 
of the sample 1 and the base 2. 
[0018] The detector 3, shown in more detail in Figure 
2, comprises a series of parallel electrodes 4 deposited 
onto a semiconducting glass plate 5. Alternate elec- 
trodes 4 on the microstrip are held at positive and neg- 
ative relative voltages, to provide a pattern of anodes 
and cathodes. The electrodes 4 are each of equal width, 
and lithographic techniques may be used to produce 
electrodes 4 as little as 1 0 microns wide. Each electrode 
is connected to a detection circuit 6 which monitors the 
electrical signal from that electrode 4. 
[0019] The base 2 and sample 1 , shown in Figure 1 , 
are held at a constant potential which is more negative 
than the potential of the negative electrodes 4 of the de- 
tector 3, so that all of the electrodes 4 of the detector 3 
are at a positive potential relative to the base 1 and sam- 
ple 2. 

[0020] The sample 1 and detector 3 are held in a 
sealed chamber (not shown) which is filled with gas 
which is predominantly Helium. The gas may also con- 
tain a quenching gas such as Isobutane, typically at a 
level of around 10 per cent, which acts to stop continu- 
ous electrical breakdown in the atmosphere. 
[0021] In use, X-rays are generated using a synchro- 
tron or other means (not shown), and X-rays with a de- 
sired energy are selected from the synchrotron and di- 
rected as a beam 7 onto the surface of the sample 1. 
The X-rays approach the sample 1 from a direction 
which is perpendicular to the orientation of the elec- 
trodes 4 on the detector 3. The angle formed between 
the beam of X-rays 4 and the surface of the sample 1 is 



small, so that the X-rays impinge on the surface of the 
sample 1 at a glancing angle. The area on the surface 
of the sample 1 onto which the X-rays impinge is varied 
by changing the angle between the X-rays and the sam- 
5 pie 1 . The X-rays have little interaction with the predom- 
inantly Helium gas, and variation of the angle of the X- 
rays in this way does not lead to spurious results. 
[0022] Electrons at the surface of the sample 1 ac- 
quire energy from the X-ray beam 7, and are emitted 

10 from the sample 1 . In a first preferred arrangement, the 
energy of the X-rays is chosen to be just greater than 
the energy needed to cause emission of the electrons, 
so that once emitted the electrons have a limited amount 
of kinetic energy, and will not tend to drift far from the 

15 position at which they left the surface of the sample 1. 
The energy of the emitted electrons and the electric field 
from the detector 3 close to the sample 1 is not sufficient 
for the electrons to cause ionisation of the gas close to 
the sample 1 surface. 

20 [0023] In a second preferred arrangement, the energy 
of the X-rays is chosen to be sufficient that electrons 
emitted from the sample 1 cause limited ionisation of the 
gas, leading to the formation of localised clouds of elec- 
trons at the surface of the sample 1 . Each cloud of elec- 

25 trons is proportional in number of electrons to the energy 
of an electron ejected from the surface of the sample 1. 
[0024] In a th ird preferred arrangement, the density of 
the gas is chosen to be low so that ionisation interactions 
with the gas are spread throughout the gas as the elec- 

30 trons travel towards the microstrip detector 3. 

[0025] In general, the pressure of the gas, the voltage 
gradient through which the electrons pass, and the initial 
kinetic energy of the electrons determine whether the 
initial interactions of electrons with the gas are close to 

35 the surface of the sample 1 or spread throughout the 
gas as the electrons travel towards the detector 3. The 
pressure of the gas and the voltage maintained at the 
detector 3 may be optimised to measure position or en- 
ergy resolution of an electron emitted from the sample 1 . 

40 [0026] The positive voltage of the sample 1 and base 
2, relative to the detector 3, causes each electron cloud 
to drift towards the detector 3 (the drifting electrons are 
shown as 8 in Figure 1 ). Information relating to the po- 
sition at which the electrons were emitted from the sam- 

45 pie 1 is retained during drift of the electron cloud since 
the direction of drift is perpendicular to the surface of 
the sample 1 , and the electrons do not have sufficient 
kinetic energy to deviate significantly from a position di- 
rectly above the point from which they were emitted. 

50 [0027] The pattern of parallel anodes and cathodes 4 
provided on the detector 3 does not affect the drift of the 
electron cloud until it is immediately adjacent the detec- 
tor 3. This is because the electric field produced as a 
consequence of the close proximity of the anodes and 

55 cathodes 4 on the detector 3 is very localised. As the 
electrons approach the detector 3, they are accelerated 
towards the anodes by the localised electric field, whose 
intensity increases rapidly adjacent the detector 3. The 
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acceleration of the electrons provides them with suffi- 
cient energy to ionise the gas in the chamber, producing 
more electrons which themselves cause further ionisa- 
tion. In this way, the electrons emitted from the sample 
1 produce an avalanche of electrons from the gas adja- 
cent the detector 3. The generation of an avalanche of 
electrons is useful because it increases the electrical 
signal produced at the detector 3 to a level which may 
be accurately measured. The gain in signal produced 
by the avalanche is controlled to ensure that the final 
number of electrons detected is proportional to the initial 
number of electrons emitted from the sample 1 . 
[0028] Localising the avalanche of electrons in a re- 
gion immediately adjacent the detector 3 is advanta- 
geous because the electrons produced by ionisation of 
the gas remain localised, and spatial information relat- 
ing to the electrons emitted from the sample 1 is re- 
tained. The spatial information referred to is simply the 
position at which electrons were emitted from the sam- 
ple relative to a front and a back end of the sample 1 . 
[0029] The front and back ends of the sample 1 are 
defined as being the ends of the sample 1 which are 
nearest and furthest respectively from the origin of the 
X-ray beam 7. The relative strength of the signals re- 
ceived from each of the electrodes 4 on the detector 3 
is used to identify the point at which the X-ray beam 7 
interacted with the surface of the sample 1. 
[0030] The energy of the X-ray beam 7 incident on the 
sample 1 may be chosen to be considerably greater 
than the energy needed to emit electrons from the sam- 
ple 1 . If so, electrons produced from the sample 1 will 
retain considerable energy after liberation, and will 
cause ionisation of the atmosphere above the sample 
1. A cloud of electrons 8 whose number is derived from 
the excess energy of the X-ray beam 7 will be formed, 
and will drift towards the detector 3 as described above. 
This mode of operation substantially limits the spatial 
information relating to electrons which were emitted 
from the surface of the sample 1. 
[0031] An alternative mode of operation of the inven- 
tion, depicted schematically in Figure 3, allows the si- 
multaneous measurement of the response of a sample 
1 to X-rays at different energies. In this mode of opera- 
tion, rather than using X-rays with a narrow energy 
band, a broader band of energies is used (for example 
8 keV to 9 keV). The selected X-rays are directed 
through a silicon crystal (not shown), which refracts the 
X-rays through an angle determined by their energy, to 
produce a fan of X-rays 9 at different energies. The ori- 
entation of the X-ray fan 9 is such that the energy of the 
X-rays incident on the sample 1 is greatest at one end 
1 0 of the sample 1 , and decreases linearly to a minimum 
at the opposite end 1 of the sample 1 . 
[0032] The energy of the X-ray fan 9 may be chosen 
so that emitted electrons have insufficient energy to 
cause ionisation of the gas close to the surface of the 
sample 1 . Alternatively, the X-rays may be chosen to be 
sufficiently energetic that electrons emitted from the sur- 



face of the sample 1 will have some limited energy, and 
will form a localised electron cloud adjacent the posi- 
tions on the sample 1 from which they were ejected. The 
electron cloud will have a total charge which is propor- 
5 tional to the energy of the ejected electron. 

[0033] The localised electron cloud will be attracted 
to the detector 3 as described above, and will cause lo- 
calised avalanches of electrons adjacent the electrodes 
4 of the detector 3. Measurement of the electrical signal 
10 at each of the anodes 4 of the detector 3 will allow the 
calculation of the number of electrons produced at dif- 
ferent positions on the surface of the sample, and will 
therefore provide a measurement of the response of dif- 
ferent parts of surface of the sample 1 to different ener- 
1 5 gies of X-rays. This mode of operation is most advanta- 
geous since it allows an X-ray absorption profile of a 
sample 1 over a range of X-ray energies to be deter- 
mined in a single 'parallel* measurement, with conse- 
quent savings in experimental time and the elimination 
of experimental errors caused by variations over time of 
equipment settings. 

[0034] The strength of the electric field adjacent the 
detector 3 is determined by the potentials applied to the 
anodes and cathodes 4 of the detector 3, and also by 
the distance between them. Reducing the spacing be- 
tween the anodes and cathodes will increase the gradi- 
ent of the electric field adjacent the detector 3, and the 
applied potential needed to produce a desired acceler- 
ation of electrons will be correspondingly reduced. In- 
creasing the density of electrodes 4 on the detector 3 
will also increase the spatial resolution of the detector 3. 
[0035] Although the above embodiments refer solely 
to the detection of electrons, it should be understood 
that the invention may be used for the detection of other 
positively or negatively charged particles. 
[0036] The use of a predominantly Helium gas, as de- 
scribed above, is advantageous since X-rays that are 
scattered from the sample 1, and emitted from deep 
within the sample 1, have very little interaction with the 
Helium gas. These X-rays are not seen by the detector, 
and therefore do not swamp the detector with informa- 
tion about structure deep within the sample. Thus, the 
system is essentially X-ray blind, and the sensitivity of 
the surface electron detection is not compromised. 



Claims 

1 . A charged particle analyser comprising a source (1 ) 
of charged particles and a charged particle detector 
(3) spaced from the source (1) and immersed with 
the source (1 ) in an ionisable gas, the detector com- 
prising at least one pair of electrodes (4), charac- 
terised in that the electrodes of the pair (4) are 
spaced apart by a distance that is substantially less 
than the spacing between the source (1 ) and detec- 
tor (3), the electrodes of the pair (4) are maintained 
at different potentials, and the source (1) is main- 
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tained at a potential different from the potentials of 
the electrodes (4), the potentials being selected 
such that charged particles emitted by the source 
(1) are attracted from the source (1) towards each 
of the pair of electrodes (4) and such that charged 5 
particles adjacent the detector (3) are accelerated 
to energies sufficient to ionise the gas. 

An analyser according to claim 1, wherein the 
charged particles are negatively charged, and the 10 
source (1) is held at a potential which is more neg- 
ative than the potentials of both the electrodes of 
the pair (4). 

An analyser according to claim 1 or 2, wherein the 15 
source is a sample (1) and means are provided for 
exposing the sample to a beam of radiation (7) the 
energy of which is sufficient to cause charged par- 
ticles to be emitted from the sample (1 ). 

20 

An analyser according to claim 3, wherein the ex- 
posing means comprises an X-ray source. 

An analyser according to claim 3 or 4, wherein the 
sample (1 ) defines a surface which is substantially 25 
planar and the beam (7) is directed towards the 
sample (1) in a direction inclined to a normal to the 
sample surface. 

An analyser according to claim 5, wherein the beam 30 
(7) is directed at a glancing angle relative to the 
sample surface. 

An analyser according to claim 5 or 6, wherein the 
energy of the beam (7) is non-uniform such that the 35 
incident energy varies across an area of the sample 
irradiated by the beam (7), and the electrodes (4) 
are positioned to receive charged particles from dif- 
ferent portions of that area, the incident energy var- 
ying between said portions. 40 

An analyser according to claim 5 or 6 t wherein the 
energy of the beam (7) is uniform. 

An analyser according to any preceding claim, 45 
wherein the electrodes are defined by parallel strips 
of conductive material (4) mounted on a semicon- 
ducting substrate (5). 

An analyser according to any preceding claim, 50 
wherein the electrodes of the pair (4) are located so 
as to be substantially equidistant from the source 

(1). 

A method for analysing charged particles emitted 55 
by a source (1), wherein the source (1) and a 
charged particle detector (3) are immersed in an 
ionisable gas, the detector (3) being provided with 



at least one pair of electrodes (4), characterised in 
that the electrodes of the pair (4) are spaced apart 
by a distance substantially less than the distance 
between the source (1) and the detector (3), differ- 
ent potentials are applied to the electrodes (4), and 
the source (1) is maintained at a potential different 
from the potentials of the electrodes (4), the poten- 
tials being selected such that charged particles 
emitted by the source (1) are attracted from the 
source towards each of the pair of electrodes (4) 
and such that charged particles adjacent the detec- 
tor (3) are accelerated to energies sufficient to ion- 
ise the gas. 



Patentanspruche 

1. Analysator fur geladene Partikel, umfassend eine 
Quelle (1) von geladenen Partikeln und einen De- 
tektor (3) fur geladene Partikel, der von der Quelle 
(1 ) beabstandet und mit der Quelle (1 ) in einem io- 
nisierbaren Gas eingetaucht ist, wobei der Detektor 
wenigstens ein Paar von Elektroden (4) umfasst, 
dadurch gekennzeichnet, dass die Elektroden 
des Paars (4) zueinander in einem Abstand liegen, 
der im wesentlichen kleiner als der Abstand zwi- 
schen der Quelle (1 ) und dem Detektor (3) ist, wobei 
die Elektroden des Paars (4) auf unterschiedlichen 
Potentialen gehalten werden, und die Quelle (1 ) auf 
einem Potential gehalten wird, dass sich von den 
Potentialen der Elektroden (4) unterscheidet, wobei 
die Potentiale so gewahlt sind, dass die geladenen 
Partikel, die von der Quelle (1) ausgesendet wer- 
den, von der Quelle (1) in Richtung auf jede des 
Paars der Elektroden (4) angezogen werden und 
derart, dass die geladenen Partikel angrenzend zu 
dem Detektor (3) auf Energien beschleunigt wer- 
den, die ausreichen, urn das Gas zu ionisieren. 

2. Analysator nach Anspruch 1, wobei die geladenen 
Partikel negativ geladen sind und die Quelle (1 ) auf 
einem Potential gehalten wird, welches negativer 
als die Potentiale von beiden Elektroden des Paars 
(1) ist. 

3. Analysator nach Anspruch 1 oder2, wobei die Quel- 
le eine Probe (1) ist und eine Einrichtung vorgese- 
hen ist, urn die Probe einem Strahl einer Strahlung 
(7) auszusetzen, dessen Energie ausreichend ist, 
urn zu bewirken, dass geladene Partikel von der 
Probe (1) emittiert werden. 

4. Analysator nach Anspruch 3, wobei die Ausset- 
zungseinrichtung eine Rontgenstrahlquelle um- 
fasst. 

5. Analysator nach Anspruch 3 oder 4, wobei die Pro- 
be (1) eine Oberflache definiert, die im wesentli- 
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chen planar 1st, und der Strahl (7) in Richtung auf 
die Probe (1) in einer Richtung gerichtet ist, die zu 
der Normalen zu der Probenoberflachen geneigt 
ist. 

6. Analysator nach Anspruch 5, wobei der Strahl (7) 
unter einem Glanzwinkel relativ zu der Probenober- 
flache gerichtet ist. 

7. Analysator nach Anspruch 5 oder 6, wobei die En- 
ergie des Strahls (7) nichtgleichformig ist, so dass 
sich die einfaliende Energie uber ein Gebiet der 
Probe, die von dem Strahl (7) bestrahlt wird, veran- 
dert und die Elektroden (4) positioniert sind, um ge- 
ladene Partikel von anderen Abschnitten des Ge- 
biets zu empfangen, wobei sich die einfaliende En- 
ergie zwischen den Abschnitten verandert. 

8. Analysator nach Anspruch 5 oder 6, wobei die En- 
ergie des Strahls (7) gleichformig ist. 

9. Analysator nach irgendeinem vorangehenden An- 
spruch, wobei die Elektroden durch parallele Strei- 
fen eines leitenden Materials (4) definiert werden, 
die auf einem halbleitenden Substrat (5) ange- 
bracht sind. 

10. Analysator nach irgendeinem vorangehenden An- 
spruch, wobei die Elektroden des Paars (4) so an- 
geordnet sind, dass sie im wesentlichen von der 
Quelle (1) in einem gleichen Abstand liegen. 

11. Verfahren zum Analysieren von geladenen Parti- 
keln, die von einer Quelle (1 ) ausgesendet werden, 
wobei die Quelle (1) und ein Detektor (3) fur gela- 
dene Partikel in einem ionisierbaren Gas einge- 
taucht sind, wobei der Detektor (3) mit wenigstens 
einem Paar von Elektroden (4) versehen ist, da- 
durch gekennzeichnet, dass die Elektroden des 
Paars (4) zueinander in einem Abstand liegen, der 
wesentlich kleiner als der Abstand zwischen der 
Quelle (1 ) und dem Detektor (3) ist, unterschiedli- 
che Potentiate an die Elektroden (4) angelegt wer- 
den, und die Quelle (1 ) auf einem Potential gehalten 
wird, dass sich von den Potentialen der Elektroden 
(4) unterscheidet, wobei die Potentiale derart ge- 
wahlt werden, dass geladene Partikel, die von der 
Quelle (1 ) ausgesendet werden, von der Quelle in 
Richtung auf jede des Paars von Elektroden (4) an- 
gezogen wird, und derart, dass geladene Partikel 
angrenzend zu dem Detektor (3) auf Energien be- 
schleunigt werden, die ausreichend sind, um das 
Gas zu ionisieren. 



Revendications 

1 . Analyseur de particules chargees comprenant une 



source (1) de particules chargees et un detecteur 
de particules chargees (3) qui est espace de la 
source (1) et qui est immerge avec la source (1) 
dans un gaz ionisable, le detecteur comprenant au 

5 moins une paire d'electrodes (4), caracterise en ce 
que les electrodes de la paire (4) sont espacees 
d'une distance qui est sensibiement inferieure a 
I'espacement entre la source (1 ) et le detecteur (3), 
les electrodes de la paire (4) sont maintenues a des 

10 potentiels differents, et la source (1 ) est maintenue 
a un potentiel qui est different des potentiels des 
electrodes (4), les potentiels etant selectionnes de 
telle sorte que des particules chargees qui sont emi- 
ses par la source (1 ) soient attirees depuis la source 

15 (1) en direction de chaque electrode de la paire 
d'electrodes (4) et de telle sorte que des particules 
chargees qui sont adjacentes au detecteur (3) 
soient accelerees jusqu'a des energies qui sont suf- 
fisantes pour ioniser le gaz. 

20 

2. Analyseur selon la revendication 1 , dans lequei les 
particules chargees sont chargees negativement, 
et la source (1 ) est maintenue a un potentiel qui est 
davantage negatif que les potentiels des deux elec- 

25 trodes de la paire (4). 

3. Analyseur selon la revendication 1 ou 2, dans lequei 
la source est un echantillon (1 ) et un moyen est pre- 
vu pour exposer I'echantillon a un faisceau de 

30 rayonnement (7) dont I'energie est suffisante pour 
faire en sorte que des particules chargees soient 
emises depuis I'echantillon (1 ). 

4. Analyseur selon la revendication 3, dans lequei le 
35 moyen d'exposition comprend une source de 

rayons X. 

5. Analyseur selon la revendication 3 ou 4, dans lequei 
I'echantillon (1 ) definit une surface qui est sensible- 

40 ment plane et le faisceau (7) est dirige en direction 
de I'echantillon (1) suivant une direction qui est in- 
clinee par rapport a une normale a la surface 
d'echantiilon. 

45 6. Analyseur selon la revendication 5, dans lequei le 
faisceau (7) est dirige selon un angle de reflexion 
par rapport a la surface d'echantiilon. 

7. Analyseur selon la revendication 5 ou 6, dans lequei 
so i'energie du faisceau (7) est non uniforme de telle 

sorte que I'energie incidente varie sur une zone de 
I'echantillon qui est irradiee par le faisceau (7), et 
les electrodes (4) sont positionnees de maniere a 
recevoir des particules chargees en provenance de 
55 differentes parties de cette zone, I'energie incidente. 
variant entre lesdites parties. 

8. Analyseur selon la revendication 5 ou 6, dans lequei 
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I'energie du faisceau (7) est uniforme. 

9. Analyseur selon Tune quelconque des revendica- 
tions precedentes, dans lequel les electrodes sont 
definies par des bandes paralleles en un materiau 5 
conducteur (4).qui sont montees sur un substrat 
semiconducteur (5). 

10. Analyseur selon Tune quelconque des revendica- 
tions precedentes, dans lequel les electrodes de la w 
paire (4) sont localisees de maniere a etre sensi- 
blement equidistantes de la source (1). 

11. Procede pour analyser des particules chargees qui 
sont emises par une source (1 ), dans lequel la sour- 15 
ce (1 ) et un detecteur de particules chargees (3) 
sont immerges dans un gaz ionisable, le detecteur 

(3) etant muni d'au moins une paire d'electrodes (4), 
caracterise en ce que les electrodes de la paire 

(4) sont espacees d'une distance qui est sensible- 20 
ment inferieure a I'espacement entre la source (1 ) 

et le detecteur (3), des potentiels differents sont ap- 
pliques sur les electrodes (4), et la source (1) est 
maintenue a un potentiel qui est different des po- 
tentiels des electrodes (4), les potentiels etant se- 25 
lectionnes de telle sorte que des particules char- 
gees qui sont emises par la source (1) soient atti- 
rees depuis la source en direction de chaque elec- 
trode de la paire d'electrodes (4) et de telle sorte 
que des particules chargees qui sont adjacentes au 30 
detecteur (3) soient accelerees jusqu'a des ener- 
gies qui sont suffisantes pour ioniser le gaz. 
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